The shale-to-slate transition preserved in the Ordovician Martinsburg Formation at the Lehigh Water Gap, Pennsylvania, provides an opportunity to study the relationship between magnetic anisotropy fabrics and the development of slaty cleavage. Our previous work has indicated that anisotropy of magnetic susceptibility (AMS) does not record changes in finite strain associated with cleavage development in these rocks but instead measures the degree of dissolution and new growth of ehlorite. Additional AMS data presented in this paper lend further support to this conclusion. Conversely, anhysteretie remanent magnetization anisotropy (ARMA), which is not affected by paramagnetie ehlorite, accurately reflects the strain-induced rock fabrics associated with cleavage formation. ARMA results show that magnetite dimensional orientations vary from bedding-parallel in shale samples to cleavage-parallel in samples with well-developed slaty cleavage. Samples with weak and pencil cleavage display scattered ARMA orientations which lie in between bedding and cleavage. These intermediate orientations may be due to either passive rotation of magnetite from bedding-parallel to cleavage-parallel or (re)crystallization of magnetite. If rotation occurred, grain rotation was highly heterogeneous in the samples with incipient cleavage. The intermediate ARMA orientations may also reflect the varying contribution of two magnetite preferred orientations, a depositional orientation parallel to bedding and a new growth orientation parallel to cleavage.
INTRODUCTION
Magnetic anisotropy has been utilized by many workers in a variety of geological and geophysical applications. Early work focused on possible deflection of natural remanent magnetization (NRM) directions by anisotropy of ferrimagnetie minerals, as measured by the anisotropy of magnetic susceptibility (AMS) [Fuller, 1963] . Girdler [1961] demonstrated that the anisotropy of magnetic susceptibility could be described as a second-order tensor, and that this tensor defines the susceptibility ellipsoid, with maximum (kmax), intermediate (kint) and minimum (kmin) principal axes having both magnitude and direction. AMS in individual minerals reflects either a shape anisotropy, with kma x parallel to the long-dimension of the mineral and kmi n parallel ARM and therefore the ARMA can be due to only the magnetic anisotropy of magnetite or coarse-grained pyrrhotite.
This study examines the changes in ARMA with the gradual development of slaty cleavage in the Ordovician Martinsburg Formation observed at the Lehigh Water Gap in eastern Pennsylvania (Figure 1) . The shale-to-slate transition in the Martinsburg Formation has been the subject of many studies over the past 100 years [Chance, 1882, diagram of this outcrop and sample locations is shown in Figure  2 . All samples were of frae-grained, dark gray shales or slates, except sites Om27, Om29, and am30, which were coarsergrained sandy slates. Fourteen of the sites are the same samples used by Housen and van der Pluifin [1990] ; an additional 15 sites were collected for this study. To recover intact blocks, samples were covered with masking tape after marking their orientation; they were then removed and wrapped with additional tape to prevent disintegration of the blocks during transport. In the lab the blocks were first glued together and then coated with nonmagnetic epoxy. The coated blocks were cored with a water-cooled drill; each block yielded 1-10 sample cores. For this study a total of 90 sample cores with 2.5-cm diameter and 2.2-cm length were used. The AMS measurements of the samples from the 15 new sites were made on a Sapphire Instruments (SI-2) susceptibility bridge using the procedures outlined in Housen and van der Pluifin [1990] . For ARMA analysis the samples were first demagnetized with a Schonstedt GSD-1 AF demagnetizer, and a baseline measurement of the remaining (usually less than 0.1 mA/m ) sample magnetization was made. The baseline measurement is used to account for any remanent magnetization that cannot be removed by the AF demagnetizer. By means of a DC-powered coil wrapped around the AF demagnetizer coil a steady magnetic field (H= 0.1 mT) was generated. A peak AF value of 30 mT was used to generate the ARM; this value provided the best-resolved ARMA results. Additionally, due to limitations in the design of our DC coil, 30 mT was also the maximum AF that could be used to generate an ARM. The resulting ARM was then measured, and the sample was subsequently demagnetized. Demagnetization between each step was found to remove the generated ARM, restoring the remanence to the baseline value. All ARM measurements were performed with a 2G cryogenic magnetometer in a room isolated from the Earth's magnetic field. The process was repeated for nine sample orientations. The magnetic mineralogy of these samples was determined by the thermal demagnetization of multicomponent isothermal remanent magnetization (mIRM) developed by Lowrie [1990] . This method can identify magnetic minerals by their characteristic coercivities and thermal unblocking temperatures. The shape of the ARMA ellipsoid displays progressive changes along this outcrop. Characterization of the magnetic mineralogy using mIRM thermal demagnetization experiments [Lowrie, 1990] is given in Figure 7 , which plots mIRM intensity versus thermal demagnetization temperature. Dist is distance in meters from contact. L= kmax/•n t, in the weakly cleaved and pencil slates. As the cleavage fabric becomes dominant, the ARMA ellipsoid shape will trend back to the uniaxial-oblate field as seen in Figure 9 . These well-cleaved samples do not display a strong magnetic lineation (Table 1) . In contrast to AMS, ARMA appears to be very sensitive to changes in the rock fabric, such as those resulting from deformation. Thus ARMA is more suitable to the study of deformed rocks.
Examination of

